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Abstract
This paper provides an overview of the HERCULES R&D programme on large engine technologies. The main issues in marine 
engine design and operation have always been Reliability, Fuel economy and (since 2000) Emissions. With the ongoing R&D 
efforts, the issue of emissions will be resolved in the coming years, with the application of advanced, albeit somewhat complex
technology and combinations of after-treatment, combustion techniques and control systems. Further issues to ensure lifelong 
reliability and economy are operational optimization, health monitoring and adaptive control over the lifetime of the powerplant.
The current running project HERCULES-2 is targeting at a fuel-flexible large marine engine, optimally adaptive to its operating 
environment. The HERCULES-2 is the next phase of the R&D programme HERCULES, which was initiated in 2004 as a joint 
vision by the two major European engine manufacturer groups MAN and WARTSILA. Three consecutive projects namely 
HERCULES - A, -B, -C spanned the years 2004-2014. These three projects produced excellent results and received worldwide 
interest. The targets of HERCULES-2 build upon and surpass the targets of the previous HERCULES projects, going beyond the 
limits set by the regulatory authorities.
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1. Introduction
The most important development in large engines in the past 20 years was the deployment of electronics, 
allowing the use of servo-mechanisms providing independence of flow exchange events and combustion inside the 
engine. This allows increased flexibility in manipulating the engine process, leading to the so called “Intelligent” 
electronic engines with improved economy & emissions. In the 1990’s, the European marine engine makers and 
sub-suppliers enjoyed success and were strong financially, unlike the European shipyards which had difficulties. 
After a period of consolidation with company takeovers, mergers and acquisitions, two groups emerged, MAN and 
WARTSILA, which today hold 90% of the world’s market in marine engines. The competition between the groups 
and the good economic results meant that they could own-fund R&D and would not readily consider external
(e.g. E.C) funding within collaborative projects – as was commonplace in the European automotive or aerospace
industry.
In EC Framework Programmes FP3, 4 and 5 there was no formal slot in the R&D Workprogrammes for large 
engines, since there was no large-engine industry common position and related expression of interest or lobbying. In 
1998 the EC established an External Expert Advisory Group (EAG) in Land Transport & Marine Technologies to 
advise on the R&D priorities of the sector. The final report of this Group, later included in a Commission White 
Paper on Transport Policy, recognized the strategic importance of European large-engine industry and paved the 
way for inclusion of the related R&D in the FP6 Workprogramme. In FP6, the new concept of Integrated Projects 
having large size and complexity and receiving substantial funding was introduced. This was instrumental in 
providing a sensible framework for handling the complex interrelated R&D needs of large-engine development.
By the year 2000 the emissions issue was becoming important, in anticipation of pending worldwide legislation. 
Already in mid 1990s all engine manufacturers had ongoing research programs for low emissions diesel engines and 
there were already some installations of prototype aftertreatment systems onboard ships. In 2001 the idea of a large 
scale project on Marine Engines was floated at the CIMAC World Congress in Hamburg. This project was modelled 
on the aerospace project EEFAE, Efficient & Environmentally Friendly Aircraft Engine, which had started in 2000 
with all the major aero industry firms participating and a with 100M EUR budget funded by the European Union.
2. The HERCULES Programme
The R&D Programme HERCULES is the outcome of a joint vision by the two major European engine 
manufacturer Groups MAN and WARTSILA. Around the year 2000 there was a dȠwnturn in the marine engine 
industry. Therefore there was growing concern that both production and design would increasingly turn to Asia. 
Intensifying the R&D activity was considered an important recovery parameter. In 2002, high-level discussions 
started between MAN and WARTSILA with a view of establishing a common thematic set for a joint R&D 
programme on large engine technologies. By teaming-up there was also possibility of support by the European 
Union. In the year 2003, a common long-term R&D programme was put forward, planning for 10 years duration and 
100 Million EUR research budget, to develop new technologies for marine engines, with general aims: Increase 
engine efficiency, thus reduce fuel consumption and CO2 emissions, Reduce gaseous & particulate emissions, 
Increase engine reliability. The HERCULES programme was the first time that these two engine maker groups, 
which together hold 90% of the world’s market, participated together in a project with commonly defined research 
areas, whilst independently maintaining their specific product development targets.
The three main themes, to reduce emissions, to increase engine efficiency and increase engine reliability have 
been the 3 cornerstones of the HERCULES series of projects. In the year 2004, the Integrated Project HERCULES-
A (High Efficiency Engine R&D on Combustion with Ultra Low Emissions for Ships) commenced. It was the Phase 
I of the HERCULES R&D programme on large engine technologies. The HERCULES-A, involved 42 industrial & 
university partners, with a budget of 33M€, partly funded by the European Union. The project was broad in the 
coverage of the various R&D topics and considered a range of options and technologies in improving efficiency and 
reducing emissions. 
HERCULES-B was the Phase II of the Programme, from 2008 to 2011, with 32 participant organisations and 26 
M€ budget, partly funded by European Union. The general targets for emissions and fuel consumption were retained 
in HERCULES-B. However, based on the developed know-how and results of HERCULES-A, it was possible to 
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narrow down the search area, to focus on potential breakthrough research and to further develop the most promising 
techniques for lower specific fuel consumption (and CO2 emissions) and ultra-low gaseous and particulate 
emissions.
The  HERCULES-C project (2012-2015), with 22 participant organisations and 17 M€ budget, was the Phase III 
of the HERCULES programme and adopted a combinatory approach, with an extensive integration of the multitude 
of new technologies identified in Phase I and Phase II, for engine thermal processes optimisation, system 
integration, as well as engine reliability and lifetime. 
The current project HERCULES-2 with 32 partners and 25 M€ budget, is targeting at a future fuel-flexible large 
marine engine, optimally adaptive to its operating environment. The targets of HERCULES-2 build upon and 
surpass the targets of the previous HERCULES projects, going beyond the limits set by the regulatory authorities. 
Some of the integrated solutions are expected to quickly mature into commercially available products. The project 
also includes several full-scale prototypes and shipboard demonstrators.
The evolution in the thematic content of the HERCULES programme is shown in Figure 1. The Hercules-A 
project considered a large spectrum of technologies in the three themes of efficiency, emissions and reliability. After 
assessment at the end of the project, some of these technologies were considered to be dead-ends, whilst others were 
selected as worth developing further, within HERCULES-B. Different technologies that could be used in 
combination to achieve the set objectives in efficiency, emissions and reliability were grouped and integrated in the 
next project HERCULES-C. The present HERCULES-2 project considers the issues of long term flexibility in 
operation and the optimum performance over the lifetime of the products. 
Fig. 1. From HERCULES-A, B, C to HERCULES-2.
3. “Social” engineering in the HERCULES projects
One important aspect to be considered in HERCULES was the joint participation of major market players, which 
are competitors in the market. This joint participation could be seen as a strategic alliance “a voluntary arrangement 
between firms to exchange knowledge in order to develop processes or products”. 
The exchange of knowledge between the two major partners- the Core Group- in HERCULES initially took the 
form of the joint definition of the research goals of each project. This activity involved a complex acquisition of 
requests from the various R&D groups within each organization, the consolidation of these requests into a coherent 
work structure and the budgeting of each portion as well as the total. The concept of Integrated-Projects introduced 
in FP6 provided a useful framework, since the development of internal combustion engines is multi-disciplinary 
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involving fields such as thermodynamics, combustion, materials, control. The different work needs of the various 
R&D groups within a company could be mapped well into an “integrated-project”, thus the concept was readily 
accepted by the companies involved and was an important enabling factor.
The work was then further split into tasks and subprojects with budget and timing. Once this structure was 
finalized then the various departments or groups of major partners started to seek their third party collaborators. This 
selection was completely top down. Since each Core partner was fully responsible for the work and result of any 
specific task, this led to their choice of the best collaborators; those who would help achieve the targets of the task. 
This method ensured excellence in the composition of task teams.
The overall management of the “alliance” was an undertaking with a relatively long learning phase. One issue to 
consider was the differences in core company culture. A concern at start was the perception of the outside word of 
the apparent market dominance of the ensuing grouping. Sensitive issues were the IPR and market competition 
considerations. Inevitably at start there was discomfort in co-working. Even at the very start of defining of R&D 
targets and budgets, there was some apprehension, lest confidential information was divulged. These issues were 
successfully managed, albeit with some organizational complexity. A strict Consortium Agreement was drafted with 
detailed rules on IPR issues. Any third party collaborator had to accept these rules before joining the project. The 
Project Steering committee had complete authority on financial and work program matters and its membership was 
solely from the core group. The well defined rules of engagement helped in building up confidence in the joint 
undertaking. 
A very detailed technical annex was produced for each project. After the R&D targets were jointly defined 
(which in itself was a most important benefit to the participants), the core partners and their respective collaborators, 
were to move ahead on parallel tracks during implementation. This means that the results from each were visible by 
the other group, but in most tasks was no joint work involving both major partners. Exception is the basic 
precompetitive research, for example in tribology or materials, where joint tasks were established. Despite the 
apparent segregation, the visibility of results was a second major benefit. This visibility and the subsequent appraisal 
of successful and failed research threads from all tasks, assisted the longer term commercial planning of each major 
partner.
The overall timeline of the 4 HERCULES projects is presented in Figure 2. It can be observed that the sequence 
of the 4 projects was almost seamless. It is interesting to note that there was a gap of almost 8 months between the 
end of HERCULES-A and the contract award of HERCULES-B, because of administration delays. It was thought at 
the time that further delays in starting would deteriorate the coherence of the established research teams and thus the 
momentum of the consortium would be lost. Therefore the Core Group decided unilaterally to set a date and to start 
the next project independently of the actual Contract signing date.
Fig. 2. HERCULES Timeline.
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4. Metrics of HERCULES
Some of the overall results from the HERCULES programme have been very notable. The HERCULES-C
project in 2014 had demonstrated a 3% increase in engine efficiency and an 80% reduction in NOx emissions over 
the 2010 commercial Best Available Technology.  A world record was also achieved: A prototype experimental 
large engine operating at 300 bar maximum pressure. The overall achievements of the last completed project 
HERCULES-C compared to the set objectives as well as the related workpackages is shown in Table 1.
Table 1. HERCULES-C Objectives and Achievements.
#
No. OBJECTIVE
Target 
VALUE
Achieved within 
Project
Related WP
# 1
Substantial 
reduction in fuel 
consumption 
(and CO2
production)
3% within 
project
1%
1 %
• Low temperature Combustion (WP1)
• DF-engine optimizations (WP1)
2% • Combustion optimization (WP2)
1.5%
• Intelligent engine / Advanced plant control (WP7)
• Pressure based cylinder-individual control, health 
monitoring technologies (WP8) 
# 2
Substantial 
reduction of 
emissions to near 
- zero
80% within 
project
PM 50%
THC 50%
NOx 80%
• DF-engine optimizations (WP1) 
• EGR - Gas operation on EVE  (WP1)
• Combustion optimization / multi-fuel (WP2) 
• Aftertreatment  (DPF, EGR) (WP6)
• Charging (VGT) (WP6)
# 3
Retain high 
performance 
over plant 
lifetime
++ • New turbocharger technologies (WP1)
++ • Sensors, Monitoring , Adaptive Control (WP7) 
+ • Tribology improvements (WPG5)
The 3 completed projects HERCULES -A, -B, -C have cumulatively resulted in 38 patents applications and 89 
scientific publications. Other metrics of results from the 3 completed projects, are a total of 48 prototypes, with 
some prototype systems tested onboard 8 ships of major operators Hapag-Lloyd, Maersk and Wallenius. A total of 
18 active products resulting from the projects are presently supported commercially by the manufacturer partners. 
(either in serial deployment or planned for rollout after successful field test).
   
Fig. 3 (a) Prototypes in HERCULES projects.                         Fig. 3 (b) Products in service from HERCULES projects.
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Fig. 3 (c) Patents from HERCULES projects.                        Fig. 3 (d) Publications from HERCULES projects.
The evolution in numbers of prototypes, products, patents and publications from HERCULES-A to
HERCULES-C is depicted in Figure 3a-d. It can be observed that the number of prototypes decreased as 
technologies were singled out and further consolidated. On the other hand, maturing technologies are increasingly 
introduced in products, hence the increase in numbers from HERCULES-A to HERCULES-C. The initial high 
number of patents reflects the need to protect emerging technologies. 
Regarding composition of the consortia, it is worth noting that from each of the HERCULES projects to the next
there was at least a 40% renewal of consortium collaborating partners, reflecting the changing needs of 
technological input for each project. Overall, 86 different organizations participated in the 4 projects. In 
HERCULES-A, the partner mix was (industrial/academic) = (70/30). In HERCULES-B the mix was (60/40) and in 
HERCULES-C (60/40). Notably this mix is reversed in HERCULES-2 and it is (industrial/academic) = (30/70), 
indicating the increased need for specialized research capabilities from universities in this project.
5. Prototypes
The individual results and achievements of the completed projects have been widely published and are 
summarised in previous papers, such as [Kyrtatos, N. (2014)]. From the large number of prototypes, systems and 
components developed in the HERCULES projects a small sample is presented here:
From I.P. HERCULES, a prototype Power Take in-Power Take Out (PTI/PTO) system shown in Figure 4. A high 
speed electric motor generator is coupled to large engine turbocharger, so as to assist at low loads and generate 
power when surplus energy is available at high loads. The problems of connecting a very high speed electric motor 
to the turbocharger shaft had to be addressed.
Fig. 4. PTI/PTO System.
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From HERCULES-B, the design studies using simulations for a Direct Water Injection System, together with the 
resulting experimental prototype cylinder head is presented in Figure 5. This system is used to reduce cylinder 
charge temperature and thus lead to lower NOx production during combustion. A substantial set of theoretical CFD 
simulations were performed to define the sizing and positioning of the injectors, prior to designing and 
manufacturing the prototype.
Fig. 5. Direct Water Injection (DWI) System.
From Hercules-C a thermal barrier coating sprayed on the combustion face of a large engine cylinder head is 
shown in Figure 6. The thermal barrier leads to increased temperature of the exhaust gas, which can be used in waste 
heat recovery system downstream, to increase the total energy economy.
Fig. 6. Thermal Barrier Coatings.
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More than 10 full scale engine experimental facilities were developed in the HERCULES projects. An example 
showing the typical size and complexity is in Figure7, depicting the layout for experimental exhaust gas 
recirculation. The size of the facility can be estimated by the figurine on the side and does not allow a panoramic 
photo.
Fig. 7. Full scale experimental setup for complete variability of turbochanging system combined with EGR equipment.
The resulting technologies from the HERCULES programme related to the future large marine engines, are listed 
below:
x Multi- stage Turbocharging (+Variable Valve Timing), allowing higher performance and improved fuel 
consumption
x Power Take In/Out and  Flexible Turbocharger (+Variable Geometry), allowing improved economy over the 
operating range 
x Increased  maximum pressure, BMEP leading to reduced fuel consumption
x Cylinder auto-tuning & Injection optimization for improved performance, economy, reliability and emissions
x Cylinder cut-out, for improved economy 
x Waste Heat Recovery  from Hot Engine, for improved economy
x Selective Catalytic Reduction-SCR for exhaust NOx aftertreatment
x Water-In-Fuel, Water injection, for improved NOx emissions
x Exhaust Gas Recirculation, for improved NOx emissions
x Exhaust gas Scrubbers, for exhaust gas aftertreatment
x Tribology improvements and advanced Materials, for improved economy and reliability
6. Funding and Budgeting
The 4 HERCULES projects were funded by the European Union within FP6, FP7 and H2020 and the combined 
budget of all the 4 projects is just over 100M EUR. The average loaded person-month was 19.5kEUR for 
HERCULES-A, 14.0kEUR for HERCULES-B and –C, 12.5kEUR for HERCULES-2. This reflects the up-front 
initial cost of the large scale experimental facilities and prototypes that were developed.
The progression from each HERCULES project to the next and the links in the R&D themes are shown in Figure 
8. It can be seen that starting initially with a wide spectrum of R&D areas, there was a successive filtering, 
combining and further development of fruitful technologies. The major themes of research namely combustion, 
aftertreatment, materials and control are also linked to the various workpackages of the current HERCULES-2
project.
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Fig. 8. Links from H-A , H-B and H-C to H-2.
The percentage distribution of the budget of each project into the 3 main themes of the HERCULES programme
namely Efficiency, Emissions, Reliability can be seen in Figure 9. It can be observed that the percent allocated to 
R&D related to Efficiency was initially quite substantial, but it was reduced in subsequent projects. This was due to 
the increasing difficulty in approaching efficiency close to the thermodynamic limits of the combustion engine 
cycle, but also due to the pressing budget needs of the two other themes, namely Emissions to cover the forthcoming 
legislative limits and Reliability plus long term flexibility and lifetime optimization, to comply with the needs of the 
end-users.
Fig. 9. Percentage allocation of budget into 3 main areas of R&D on the 4 HERCULES Projects.
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7. Conclusions
The longevity of alliances has often been used as a proxy for their performance. In that respect the HERCULES 
alliance has been successful. The metrics of the projects indicate that the work has been very productive. The results 
of the R&D have already matured into some commercial products, available in the market.
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